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METHOD AND APPARATUS FOR 
GENERATING EXPECT DATA FROMA 

CAPTURED BIT PATTERN, AND MEMORY 
DEVICE USING SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation of pending U.S. patent 
application Ser. No. 12/106,061, filed Apr. 18, 2008; which is 10 
a continuation of U.S. patent application Ser. No. 1 1/393.265, 
filed Mar. 29, 2006, issued May 13, 2008 as U.S. Pat. No. 
7.373,575; which is a continuation of U.S. patent application 
Ser. No. 10/648,567, filed Aug. 25, 2003, issued Aug. 1, 2006 
as U.S. Pat. No. 7,085,975 B2; which is a continuation of U.S. 15 
patent application Ser. No. 10/268.351, filed Oct. 9, 2002, 
issued Nov. 11, 2003 as U.S. Pat. No. 6,647,523 B2; which is 
a continuation of U.S. patent application Ser. No. 09/924, 139, 
filed Aug. 7, 2001, issued Nov. 5, 2002 as U.S. Pat. No. 
6,477,675 B2; which is a divisional of U.S. application Ser. 20 
No. 09/146,860, filed Sep. 3, 1998, issued Feb. 19, 2002 as 
U.S. Pat. No. 6,349,399 B1. These applications and patents 
are each incorporated by reference herein. 

TECHNICAL FIELD 25 

The present invention relates generally to integrated circuit 
devices, and more particularly to a method and circuit utiliz 
ing a first captured bit stream in generating expect data for 
Subsequent captured bit streams. 30 

BACKGROUND OF THE INVENTION 

A conventional computer system includes a processor 
coupled to a variety of memory devices, including read-only 35 
memories (“ROMs) which traditionally store instructions 
for the processor, and a system memory to which the proces 
Sor may write data and from which the processor may read 
data. The system memory generally includes dynamic ran 
dom access memory ("DRAM), and in many modern com- 40 
puter systems includes synchronous DRAMs (“SDRAMs) 
to enable the processor to access data at increasingly faster 
rates. One skilled in the art will appreciate, however, that a 
large speed disparity Subsists between the operating speed of 
modern processors and that of modern SDRAMs. This speed 45 
disparity limits the rate at which the processor can access data 
stored in the SDRAMs, which is a common operation, and 
consequently limits the overall performance of the computer 
system. For example, modern processors, such as the Pen 
tium(R) and Pentium IIR microprocessors, are currently avail- 50 
able operating at clock speeds of at least 400 MHz, while 
many SDRAMs operate at a clock speed of 66 MHz, which is 
a typical clock frequency for controlling system memory 
devices. 
A solution to this operating speed disparity has been pro- 55 

posed in the form of a computer architecture known as a 
synchronous link architecture. In the Synchronous link archi 
tecture, the system memory devices operate at much higher 
speeds and may be coupled to the processor either directly 
through the processor bus or through a memory controller. 60 
Rather than requiring that separate address and control sig 
nals be provided to the system memory, synchronous link 
memory devices receive command packets that include both 
control and address information. The Synchronous link 
memory device then outputs or receives data on a data bus that 65 
may be coupled directly to the data bus portion of the proces 
Sorbus. 

2 
A typical synchronous link dynamic random access 

memory (“SLDRAM) memory device 16 is shown in block 
diagram form in FIG. 1. The memory device 16 includes a 
clock generator circuit 40 that receives a command clock 
signal CCLK and generates a large number of other clock and 
timing signals to control the timing of various operations in 
the memory device 16. The memory device 16 also includes 
a command buffer 46 and an address capture circuit 48 which 
receive an internal clock signal ICLK, a command packet 
CA-0:39) in the form of 4 packet words CA-0:9) applied 
sequentially on a 10 bit command-address bus CA, and a 
terminal 52 receiving a FLAG signal. A synchronization cir 
cuit 49 is part of the command buffer 46, and operates during 
a synchronization mode to synchronize the command clock 
signal CCLK and two data clock signals DCLK0 and 
DCKL1, as will be explained in more detail below. 
A memory controller (not shown) or other device normally 

transmits the command packet CA-0:39 to the memory 
device 16 in Synchronism with the command clock signal 
CCLK. The command packet CA-0:39 contains control and 
address information for each memory transfer. The FLAG 
signal identifies the start of a command packet CA-0:39, 
and also signals the start of an Synchronization sequence. The 
command buffer 46 receives the command packet CA-0:39) 
from the command-address bus CA, and compares at least a 
portion of the command packet to identifying data from an ID 
register 56 to determine if the command packet is directed to 
the memory device 16 or some other memory device (not 
shown). If the command buffer 46 determines that the com 
mand is directed to the memory device 16, it then provides the 
command to a command decoder and sequencer 60. The 
command decoder and sequencer 60 generates a large num 
ber of internal control signals to control the operation of the 
memory device 16 during a memory transfer. 
The address capture circuit 48 also receives the command 

packet from the command-address bus CA and outputs a 
20-bit address corresponding to the address information in 
the command packet. The address is provided to an address 
sequencer 64, which generates a corresponding 3-bit bank 
address on bus 66, a 10-bit row address on bus 68, and a 7-bit 
column address on bus 70. The row and column addresses are 
processed by row and column address paths, as will be 
described in more detail below. 
One of the problems of conventional DRAMs is their rela 

tively low speed resulting from the time required to precharge 
and equilibrate circuitry in the DRAM array. The memory 
device 16 largely avoids this problem by using a plurality of 
memory banks 80, in this case eight memory banks 80a-h. 
After a read from one bank 80a, the bank 80a can be pre 
charged while the remaining banks 80b-h are being accessed. 
Each of the memory banks 80a-h receives a row address from 
a respective row latch/decoder/driver 82a-h. All of the row 
latch/decoder/drivers 82a-h receive the same row address 
from a predecoder 84 which, in turn, receives a row address 
from either a row address register 86 or a refresh counter 88 as 
determined by a multiplexer 90. However, only one of the row 
latch/decoder/drivers 82a-h is active at any one time as deter 
mined by bank control logic 94 as a function of a bank address 
from a bank address register 96. 
The column address on bus 70 is applied to a column 

latch/decoder 100, which supplies I/O gating signals to an I/O 
gating circuit 102. The I/O gating circuit 102 interfaces with 
columns of the memory banks 80a-h through sense amplifiers 
104. Data is coupled to or from the memory banks 80a-h 
through the sense amps 104 and I/O gating circuit 102 to a 
data path subsystem 108 which includes a read data path 110 
and a write data path 112. The read data path 110 includes a 
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read latch 120 that stores data from the I/O gating circuit 102. 
In the memory device 16, 64bits of data, which is designated 
a data packet, are stored in the read latch 120. The read latch 
then provides four 16-bit data words to an output multiplexer 
122 that sequentially supplies each of the 16-bit data words to 
a read FIFO buffer 124. Successive 16-bit data words are 
clocked into the read FIFO buffer 124 by a clock signal RCLK 
generated from the internal clock signal ICLK. The 16-bit 
data words are then clocked out of the read FIFO buffer 124 
by a clock signal obtained by coupling the RCLK signal 
through a programmable delay circuit 126. The program 
mable delay circuit 126 is programmed during synchroniza 
tion of the memory device 16 so that the data from the 
memory device is received by a memory controller, proces 
sor, or other device (not shown) at the propertime. The FIFO 
buffer 124 sequentially applies the 16-bit data words to a 
driver circuit 128 which, in turn, applies the 16-bit data words 
to a data bus DQ. The driver circuit 128 also applies one of 
two data clock signals DCLK0 and DCLK1 to respective data 
clock lines 132 and 133. The data clocks DCLKO and DCLK1 
enable a device. Such as a processor, reading the data on the 
data bus DQ to be synchronized with the data. Particular bits 
in the command portion of the command packet CA-0:39) 
determine which of the two data clocks DCLK0 and DCLK1 
is applied by the driver circuit 128. It should be noted that the 
data clocks DCLK0 and DCLK1 are differential clock sig 
nals, each including true and complementary signals, but for 
ease of explanation, only one signal for each clock is illus 
trated and described. 

The write data path 112 includes a receiver buffer 140 
coupled to the data bus 130. The receiver buffer 140 sequen 
tially applies 16-bit data words from the data bus DQ to four 
input registers 142, each of which is selectively enabled by a 
signal from a clock generator circuit 144. The clock generator 
circuit 144 generates these enable signals responsive to the 
selected one of the data clock signals DCLK0 and DCLK1. 
The memory controller or processor determines which data 
clock DCLK0 or DCLK1 will be utilized during a write 
operation using the command portion of a command packet 
applied to the memory device 16. As with the command clock 
signal CCLK and command packet CA-0:39), the memory 
controller or other device (not shown) normally transmits the 
data to the memory device 16 in synchronism with the 
selected one of the data clock signals DCLK0 and DCLK1. 
The clock generator 144 is programmed during synchroniza 
tion to adjust the timing of the clock signal applied to the input 
registers 142 relative to the selected one of the data clock 
signals DCLK0 and DCLK1 so that the input registers 142 
can capture the write data at the proper times. In response to 
the selected data clock DCLK0 or DCLK1, the input registers 
142 sequentially store four 16-bit data words and combine 
them into one 64-bit write packet data applied to a write FIFO 
buffer 148. The write FIFO buffer 148 is clocked by a signal 
from the clock generator 144 and an internal write clock 
WCLK to sequentially apply 64-bit write data to a write latch 
and driver 150. The write latch and driver 150 applies the 
64-bit write data packet to one of the memory banks 80a-h 
through the I/O gating circuit 102 and the sense amplifiers 
104. 
A typical command packet CA-0:39 for the SLDRAM 

16 is shown in FIG. 2 and is formed by 4 packet words 
CA30:9), each of which contains 10 bits of data. As 
explained above, each 10-bit packet word CA-0:9-> is applied 
on the command-address bus CA including the 10 lines CA0 
CA9, and coincident with each packet word CA-0:9 a 
FLAG bit is applied on the FLAG line 52. As previously 
discussed, during normal operation the FLAG bit is high to 
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4 
signal the start of a command packet CA-0:39), and thus is 
only high coincident with the first packet word CA-0:9-> of 
the command packet. In FIG. 2, the four packet words CA-0: 
9> comprising a command packet CA-0:39 are designated 
PW1-PW4. The first packet word PW contains 7 bits of data 
identifying the memory device 16 that is the intended recipi 
ent of the command packet. The memory device 16 has a 
unique ID code stored in the ID register 56, and this code is 
compared to the 7 ID bits in the first packet word PW. Thus, 
although all of the memory devices 16 in a synchronous link 
system will receive the command packet CA-0:39), only the 
memory device 16 having an ID code that matches the 7 ID 
bits of the first packet word PW will respond to the command 
packet. 
The remaining 3 bits of the first packet word PW as well as 

3 bits of the second packet word PW comprise a 6 bit com 
mand. Typical commands are read and write in a variety of 
modes, such as accesses to pages or banks of memory cells. 
The remaining 7 bits of the second packet word PW and 
portions of the third and fourth packet words PW and PW 
comprise a 20bit address specifying a bank, row and column 
address for a memory transfer or the start of a multiple bit 
memory transfer. In one embodiment, the 20-bit address is 
divided into 3 bits of bank address, 10 bits of row address, and 
7 bits of column address. Although the command packet 
CA-0:39 shown in FIG. 2 is composed of 4 packet words 
PW1-PW4 each containing up to 10 bits, it will be understood 
that a command packet may contain a lesser or greater num 
ber of packet words, and each packet word may contain a 
lesser or greater number of bits. 
As mentioned above, an important goal of the synchronous 

link architecture is to allow data transfer between a processor 
and a memory device to occur at a significantly faster rate. 
However, as the rate of data transfer increases, it becomes 
more difficult to maintain synchronization between signals 
transmitted to the memory device 16. For example, as men 
tioned above, the command packet CA-0:39) is normally 
transmitted to the memory device 16 in synchronism with the 
command clock signal CCLK, and the data is normally trans 
mitted to the memory device 16 in synchronism with the 
selected one of the data clock signals DCLK0 and DCLK1. 
However, because of unequal signal delays and other factors, 
the command packet CA-0:39 may notarrive at the memory 
device 16 in Synchronism with the command clock signal 
CCLK, and the data may not arrive at the memory device 16 
in synchronism with the selected data clock signal DCLK0 or 
DCLK1. Moreover, even if these signals are actually coupled 
to the memory device 16 in synchronism with each other, they 
may loose synchronism once they are coupled to circuits 
within the memory device. For example, internal signals 
require time to propagate to various circuitry in the memory 
device 16, differences in the lengths of signal routes can cause 
differences in the times at which signals reach the circuitry, 
and differences in capacitive loading of signal lines can also 
cause differences in the times at which signals reach the 
circuitry. These differences in arrival times can become sig 
nificant at high speeds of operation and eventually limit the 
operating speed of memory devices. 
The problems associated with varying arrival times are 

exacerbated as timingtolerances become more restricted with 
higher data transfer rates. For example, if the internal clock 
ICLK derived from the command clock CCLK does not latch 
each of the packet words CA-0:9-> comprising a command 
packet CA-0:39 at the propertime, errors in the operation of 
the memory device may result. Similarly, data errors may 
result if internal signals developed responsive to the data 
clocks DCLK0 and DCLK1 do not latch data applied on the 
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data bus DQ at the proper time. Thus, the command clock 
CCLK and data clocks DCLK0 and DCLK1 must be synchro 
nized to ensure proper operation of the SLDRAM 16. One 
skilled in the art will understand that when synchronization of 
the clock signals CCLK, DCLK0, and DCLK1 is discussed, 
this means the adjusting of the timing of respective internal 
clock signals derived from these respective external clock 
signals so the internal clock signals can be used to latch 
corresponding digital signals at optimum times. For example, 
the command clock signal CCLK is synchronized when the 
timing of the internal clock signal ICLK relative to the com 
mand clock signal CCLK causes packet words CA-0:9 to be 
latched at the optimum time. 

To synchronize the clock signals CCLK, DCLK0, and 
DCLK1, the memory controller (not shown) places the 
memory device 16 in a synchronization mode by applying a 
15 bit repeating pseudo-random bit sequence on each line of 
the command-address bus CA, data bus DQ, and on the FLAG 
line 52. One of the 15 bit pseudo-random bit sequences that 
may be applied is shown below in Table 1: 

TABLE 1. 

FLAG 1 1 1 1 0 1 0 1 1 0 O 1 
CA-39> O O O O 1 O 1 O O 1 1 O 
CA-38> 1 1 1 1 0 1 0 1 1 0 O 1 
CA-3> O O O O 1 O 1 O O 1 1 O 
M M M M M M M M M M M M M 
CA-3O> 1 1 1 1 0 1 0 1 1 0 O 1 
DQ-15> O O O O 1 O 1 O O 1 1 O 
DQ-14> 1 1 1 1 0 1 0 1 1 0 O 1 
M M M M M M M M M M M M M 
DQ-O> 1 1 1 1 0 1 0 1 1 0 O 1 

As seen in Table 1, the 15-bit pseudo-random bit sequence is 
complemented on adjacent lines of the command-address bus 
CA and data bus DQ. In the following description, only the 
synchronization of the ICLK signal will be described, so only 
the bit sequences applied on the command-address bus CA 
and FLAG line 52, which are latched in response to the ICLK 
signal, will be discussed. Furthermore, the bit sequences 
applied on the command-address bus CA and FLAG line 52 
may alternatively be referred to as bit streams in the following 
discussion. However, the DCLK0 and DCLK1 signals are 
synchronized in essentially the same manner. 
The memory device 16 captures the bits applied on the 

lines CA0-CA9 and the FLAG line52 in response to the ICLK 
signal, and the synchronization circuit 49 places the memory 
device 16 in the synchronization mode when it detects two 
consecutive high (i.e., two 1s) on the FLAG bit. Recall, 
during normal operation, only a single high FLAG bit is 
applied coincident with the first packet word CA-0:9> of the 
command packet CA-0:39). After the synchronization cir 
cuit 49 places the SLDRAM16 in the synchronization mode, 
the SLDRAM16 continues capturing packet words CA-0:9-> 
applied on the bus CA and the coincident applied FLAG bits 
in response to the ICLK signal. After four packet words 
CA-0:9-> and the accompanying four FLAG bits have been 
captured, the synchronization circuit 49 compares the cap 
tured bits to their expected values. The synchronization cir 
cuit 49 determines the expected values from the known values 
of the 15 bit repeating pseudo-random bit sequence. For 
example, from Table 1, after the first four bits 1111 of the 
FLAG bit are captured, the circuit 49 calculates the expected 
data for the next four captured bits as 01 01, and the next four 
as 1001, and so on. In operation, the synchronization circuit 
49 adjusts the phase of the ICLK signal before capturing the 
next group of bits. For example, a first phase for the ICLK 
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6 
signal is used to capture the first four FLAG bits 1111, a 
second phase for the FLAG bits 0101, a third phase for the 
FLAG bits 1001, and so on. Each phase resulting in success 
ful capture of the command packet CA-0:39) is recorded by 
the synchronization circuit 49, and thereafter one of these 
phases is selected to be utilized during normal operation of 
the memory device 16. 

FIG. 3 illustrates a potential problem encountered when 
synchronizing the memory device 16 as described above. In 
FIG. 3, the 15-bit pseudo-random bit pattern applied for the 
FLAG bit is shown by way of example, but the same potential 
problem exists for the bit sequences on the lines CA0-CA9 as 
well. The top sequence is the actual bit pattern applied for the 
FLAG bit, with the bits arranged in groups of 4 in respective 
capture groups C1-C15. Each capture group C1-C15 corre 
sponds to the four FLAG bits captured coincident with four 
corresponding packet words CA-0:9->. The capture group C1 
corresponds to the start of the bit sequence, and, as should be 
noted, the two consecutive ones for the FLAG bit place the 
memory device 16 in the synchronization mode. Ideally, the 

SLDRAM 16 captures the first group C1 of 4 FLAG bits 
1111, then the group C2 of 01 01, then group C3 of 1001, and 
so on. During ideal operation, the capture group C1 of 1111 is 
captured first, placing the memory device 16 in Synchroniza 
tion mode, and thereafter, the synchronization circuit 49 
(FIG. 1) provides the expected data for the subsequent cap 
ture groups C2-CN. In other words, the synchronization cir 
cuit 49 expects the captured FLAG bits for C2 to equal 01.01, 
for C3 to equal 1001, and so on. 

If the capturing of the FLAG bit sequence is shifted, how 
ever, as shown in the lower bit sequence of FIG. 3, the syn 
chronization circuit 49 may use the improper expect data for 
capture groups C2-C15. For example, assume the actual bits 
captured for groups C1-C5 are as shown in the lower bit 
sequence of FIG. 3. In response to the bits 1101 captured for 
group C1, the memory device 16 enters the synchronization 
mode of operation due to the two high FLAG bits. After this, 
the synchronization circuit 49 expects group C2 bits to equal 
0101, group C3 bits to equal 1001, and so on for groups 
C4-C15 as indicated by the ideal FLAG data shown in the top 
bit sequence. Instead, however, the group C2 bits equal 0110 
for the shifted FLAG sequence, and the group C3 equals 
01.00, and so on, such that each of the respective capture 
groups C1-C15 in the shifted FLAG bit sequence corresponds 
to four bits in the top bit sequence shifted to the left by two 
bits, as indicated by dotted lines 30. This could occur, for 
example, when the memory device 16 fails to latch the first 
two ones applied on the FLAG line 52 due to delays in CCLK 
signal applied by the controller. When the FLAG bit sequence 
is shifted, the values of Subsequent capture groups result in 
the synchronization circuit 49 determining the FLAG bit is 
not being correctly captured, when in fact the FLAG bit 
pattern is being successfully captured but is merely shifted by 
a random number of bits. 
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There is a need for generating accurate expect data when 
capturing a pseudo-random bit sequence during synchroniza 
tion of packetized memory device. In addition, it should be 
noted that while the above discussion is directed towards 
packetized memory devices such as SLDRAMs, the concepts 
apply to other types of integrated circuits as well, including 
other types of memory devices and communications circuits. 

SUMMARY OF THE INVENTION 

According to one aspect of the present invention, expect 
data signals are generated for a series of applied data signals 
having a known sequence to determine if groups of these 
applied data signals have been properly captured. A method 
according to one embodiment of the present invention cap 
tures a first group of the applied data signals, and generates a 
group of expect data signals from the captured first group of 
applied data signals. A second group of the applied data 
signals are then captured after the first group. The second 
group of applied data signals are determined to have been 
properly captured when the second captured group of applied 
data signals equals the group of expect data signals. In this 
way, when capture of the applied series of data signals is 
shifted in time from an expected initial capture point, Subse 
quent captured groups of applied data signals are compared to 
their correct expected data signals in order to determine 
whether that group, although shifted in time, was nonetheless 
correctly captured. 

According to another aspect of the present invention, the 
series of applied data signals comprises a 15-bit pseudo 
random bit sequence of data signals. In one embodiment, this 
15-bit pseudo-random bit sequence comprises the repeating 
bit sequence of 111101011001000, and 4-bit groups of this 
repeating pseudo-random bit sequence are captured at a time. 
In this embodiment, the generated expect data signals repre 
sent all possible 4-bit combinations for the 15-bit pseudo 
random bit sequence, these 15 possible 4-bit combinations 
being 1111,0101, 1001, 0001, 1110, 1011, 0010, 0011, 1101, 
01 10, 0100, 01 11, 1010, 1100, and 1000. 

According to another aspect of the present invention, a 
packetized dynamic random access memory includes a pat 
tern generator that generates expect data for a repeating bit 
sequence applied on external terminals of the memory and is 
utilized in Synchronizing clock signals applied to the pack 
etized dynamic random access memory. The pattern genera 
torpreferably comprises a register having a plurality of inputs 
and outputs, and a clock terminal adapted to receive a clock 
signal. The register shifts data applied on each of its inputs to 
a corresponding output responsive to the clock signals. A 
Switch circuit has a plurality of first signal terminals coupled 
to receive latched digital signals from a latch which stores 
Such signals in response to a transition of an internal clock 
signal. The switch circuit further includes a plurality of sec 
ond signal terminals coupled to the corresponding inputs of 
the register, and a control terminal adapted to receive a seed 
signal. The Switch circuit couples each first signal terminal to 
a corresponding second signal terminal responsive to the seed 
signal going active. A logic circuit is coupled between the 
register inputs and outputs, and has a terminal adapted to 
receive the seed signal. The logic circuit generates, when the 
seed signal is inactive, new expect data signals on its outputs 
responsive to current expect data signals provided on the 
register outputs. A synchronization circuit is coupled to the 
latch, a clock generator that generates the internal clock sig 
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8 
nal, and the pattern generator, and operates in combination 
with the circuits to synchronize the internal clock signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a functional block diagram of a conventional 
SLDRAM packetized memory device. 

FIG. 2 is a table showing a typical command packet 
received by the SLDRAM of FIG. 1. 

FIG.3 is a diagram showing a repeating pseudo-random bit 
sequence, and illustrating conventional expected values for 
captured groups of that bit sequence, and actual values of 
captured groups for a time-shifted version of the applied bit 
Sequence. 

FIG. 4 is a functional block diagram of a synchronization 
circuit including a pattern generator according to one 
embodiment of the present invention. 

FIG. 5 is a diagram illustrating expect data groups gener 
ated by the pattern generator of FIG. 4. 

FIG. 6 is a more detailed schematic of one embodiment of 
the pattern generator of FIG. 4. 

FIG. 7 is a more detailed schematic illustrating one of the 
data generation circuits of FIG. 6. 

FIG. 8 is a more detailed schematic of the register of FIG. 
7. 

FIG. 9 is a logic diagram of one embodiment of the logic 
circuit 610 of FIG. 6. 

FIG.10 is a more detailed schematic of one embodiment of 
the evaluation circuit of FIG. 4. 

FIG.11 is a more detailed schematic of one embodiment of 
the compare circuit of FIG. 10. 

FIG. 12 is a functional block diagram of a computer system 
including a number of the SLDRAMs of FIG. 1, each con 
taining the pattern generator and synchronization circuit of 
FIG. 4. 

DETAILED DESCRIPTION OF THE INVENTION 

FIG. 4 is a functional block diagram of a synchronization 
circuit 400 including a pattern generator 402 according to one 
embodiment of the present invention. Typically, the synchro 
nization circuit 400 is contained in the command buffer 46, 
address capture circuit 50, and clock generation circuits 40. 
144 of the SLDRAM 16 of FIG. 1, and operates during an 
initialization mode of the SLDRAM to synchronize the clock 
signals CCLK, DCLK0, and DCLK1, as will be explained in 
more detail below. During synchronization of the clock sig 
nals CCLK, CLK0, and DCLK1, the pattern generator 402 
generates a sequence of expect data words in response to a 
sample or seed group of bits latched on one of the terminals of 
the SLDRAM, as will also be described in more detail below. 
Components and signals that were previously described with 
reference to FIG. 1 have been given the same reference num 
bers in FIG. 4, and will not be described in further detail. 

In FIG. 4, only the components of the synchronization 
circuit 400 required for synchronizing the command clock 
signal CCLK are shown and will be described in further 
detail. As will be understood by one skilled in the art, how 
ever, the synchronization circuit 400 also includes analogous 
components for synchronizing the data clock signals DCLK0 
and DCLK1. For example, referring back to FIG. 1, the input 
registers 142 latch data packets applied on the data bus DQ in 
response to clock signals generated by the clock generator 
144 responsive to the selected one of the data clock signals 
DCLK0 and DCLK1, and these data packets latched by the 
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register are then compared by a corresponding evaluation 
circuit or circuits (not shown) in the synchronization circuit 
400. 
The synchronization circuit 400 includes a variable-phase 

clock generation circuit 404, which is part of the clock gen 
eration circuit 40 of FIG. 1, and generates the internal clock 
signal ICLK in response to the command clock signal CCLK. 
A more detailed description of one embodiment of the vari 
able-phase clock generation circuit 404 is described in U.S. 
patent application Ser. No. 08/890.055 to Baker et al., which 
is incorporated herein by reference. The phase of the internal 
command clock signal ICLK relative to the command clock 
signal CCLK is controlled by a phase command word 
CMDPH<0:3> developed by a control circuit 406. During the 
synchronization procedure, the control circuit 406 applies a 
number of control signals 414 to control the operation of 
components of the synchronization circuit 400, and also 
determines an optimum value for the phase command word 
CMDPH<0:3>, as will be explained in more detail below. 
The synchronization circuit 400 further includes a shift 

register 408 receiving command packets CA-0:39 applied 
on the command-address bus CA. The width of the command 
address bus CA corresponds to the width of the shift register 
408, and the number of packet words CA-0:9-> in the com 
mand packet CA-0:39 corresponds to the number of stages 
of the shift register 408. In the embodiment of FIG.4, the shift 
register 408 has four stages, each of which is 10 bits wide. 
Thus, the shift register 408 sequentially receives four 10-bit 
packet words CA-0:9. Each of the four packet words CA-0: 
9> is shifted into the shift register 408, and from one shift 
register stage to the next, responsive to each transition of the 
internal clock signal ICLK. The shift register 408 also latches 
the FLAG signal applied on the flag line 52 coincident with 
each packet word CA-0:9->. Coincident with the start of each 
command packet CA-0:39 during normal operation of the 
memory device 16 (FIG. 1), the FLAG signal transitions high 
for one-half the period of the internal clock signal ICLK. The 
shift register 408 shifts this high FLAG signal through each of 
the four stages of the shift register 12 responsive to each 
transition of the ICLK signal. 

During normal operation, the latched high FLAG signal is 
used to generate a plurality of control signals as it is shifted 
through stages of the shift register 408. Once four packet 
words CA-0:9->, which correspond to a single command 
packet CA-0:39, are shifted into the shift register 408, the 
shift register generates a command trigger signal CTRIG 
GER. In response to the CTRIGGER signal, a storage register 
410 loads the 44-bit contents of the shift register 408 and 
thereafter continuously outputs these loaded words until new 
words are loaded in response to the next CTRIGGER signal. 
In the embodiment shown in FIG. 4 in which four 10-bit 
packet words C<0:9-> and 4 FLAG bits are shifted into the 
shift register 408, the storage register 410 receives and stores 
a 40-bit command word C<0:39 and a 4 bit flag-latched 
word FLAT-0:3>. However, in the more general case, the 
shift register 408 has N stages, each of which has a width of 
Mbits, and the storage register 410 loads an MN bit com 
mand word. 
The synchronization mode of the SLDRAM 16 is signaled 

by a FLAG signal that is twice the width of the normal FLAG 
signal, i.e., a double-width FLAG signal having a duration 
equal to the period of the ICLK signal. In response to the 
double-width FLAG signal, the shift register 408 activates a 
calibration signal CAL, causing the synchronization circuit 
400 to execute a synchronization procedure to synchronize 
the CCLK, DCLK0, and DCLK1 clock signals, as will be 
explained in more detail below. Thus, there will beat least two 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
transitions of the ICLK signal during the double-width FLAG 
signal. During the synchronization procedure, the shift reg 
ister 408 once again generates the CTRIGGER signal after 
four packet words CA-0:9-> are shifted into the shift register 
408. In response to the active CTRIGGER signal, the storage 
register 410 again loads and outputs the latched command 
packet CA-0:39) and flag-latched word FLAT-0:3>. The 
shift register 408 also applies the CAL and CTRIGGER sig 
nals to the control circuit 406, which utilizes the signals in 
controlling the operation of components in the circuit 400 
during the synchronization mode, as will be explained in 
more detail below. 
One embodiment of the shift register 408 that may be 

utilized in the synchronization circuit 400 is described in 
more detail in U.S. patent application Ser. No. 08/994,461 to 
Manning, which is incorporated herein by reference. The 
detailed circuitry of the shift register 408 will not be discussed 
in further detail since Such circuitry and operation is slightly 
tangential to the present invention. 
One skilled in the art will realize, however, the shift register 

408 must be capable a latching packet words CA-0:9-> 
received at very high rates during operation of the synchro 
nization circuit 400, and during normal operation of the 
memory device 16 containing the circuit 400. For example, in 
one embodiment the command clock CCLK has a frequency 
of 200 MHz, requiring the shift register circuit 408 to store 
one packet word CA-0:9-> every 2.5ns (i.e., one packet word 
in response to each falling and rising edge of the CCLK 
signal). 
The synchronization circuit 400 further includes an evalu 

ation circuit 412 that compares the command word C<0:39) 
and the flag-latched word FLAT-0:3> output by the storage 
register 410 to an expected data or synchronization sequence 
word SYNCSEQ-0:3> generated by the pattern generator 
402, and develops a command initialization results signal 
CINITRES in response to this comparison. The synchroniza 
tion sequence word SYNCSEQ-0:3> generated by the pat 
tern generator 402 corresponds to the expected values for the 
bits in the command word C<0:39 and flag-latched word 
FLAT-0:3> output by the storage register 410, as will be 
described in more detail below. When the bits of the com 
mand word C<0:39) and flag-latched word FLAT-0:3>have 
their expected values determined by the SYNCSEQ-0:3> 
word, the evaluation circuit 20 drives the CINITRES signal 
high, indicating the command packet CA-0:39 and latched 
FLAG bits were successfully captured. In contrast, when at 
least one of the bits in the command word C<0:39 or flag 
latched word FLAT-0:3> does not have its expected value 
determined by the SYNCSEQ-0:3> word, the evaluation 
circuit 412 drives the CINITRES signal inactive low, indicat 
ing the command packet CA-0:39 and latched FLAG bits 
were unsuccessfully captured. The control circuit 406 devel 
ops a number of control signals 414 to control the operation of 
the evaluation circuit 412 and other components in the Syn 
chronization circuit 400, as will be explained in more detail 
below. 

Before describing the overall operation of the synchroni 
zation circuit 400, the pattern generator 402 will be described 
in more detail. As previously mentioned, the pattern generator 
402 generates the SYNCSEQ-0:3> word corresponding to 
expected values for the latched command word CA-0:39) 
and flag-latched word FLAT-0:3> word. The control circuit 
406 applies a seed signal SEED and complementary seed 
clock signals SCLK, SCLK to the pattern generator 402. The 
pattern generator 402 further receives a seed word SEED-0: 
3> corresponding to the flag-latched word FLAT-0:3> from 
the storage register 410. In operation, the pattern generator 
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402 operates in a seed mode to latch the applied seed word 
SEED-0:3> when the SEED signal is active high. The pattern 
generator 402 thereafter operates in a data generation mode 
when the SEED signal is inactive to generate a series of 
SYNCSEQ-0:3> words responsive to the applied clock sig 
nals SCLK, SCLK, with the specific values for each of the 
SYNCSEQ<0:3> words in the series being determined by the 
value of the applied SEED-0:3> word, as will now be 
explained in more detail with reference to the diagram of FIG. 
5. As previously described, during synchronization of the 
SLDRAM 16, a memory controller (not shown) applies the 
15-bit pseudo-random bit sequence on each line of the com 
mand-address bus CA, data bus DQ, and FLAG line 52. In 
FIG. 5, the 15 potential values for the 4-bit sequentially 
latched flag-latched words FLAT-0:3> are shown, and are 
designated FLAT.<0:3>-FLAT.<0:3>. These are the same 
as the capture groups C1-C15 of FIG. 3, and have been 
labeled FLAT-0:3>-FLAT-0:3> merely to indicate each 
capture group corresponds to a FLAT-0:3> word. In other 
words, the flag-latched words FLAT-0:3>-FLAT.<0:3> 
correspond to the values of four consecutive FLAG bits 
sequentially latched by the shift register 408. As previously 
discussed, a FLAG bit is applied coincident with each packet 
word CA-0:39), and four packet words comprise a command 
packet CA-0:39). Thus, for each of the flag-latched words 
FLAT-0:3>-FLAT.<0:3> shown in FIG. 5, a correspond 
ing command packet CA-0:39 has been latched. 
As previously described, the memory controller (not 

shown) places the synchronization circuit 400 in the synchro 
nization mode of operation by applying the repeating 15-bit 
pseudo-random bit sequence for the FLAG bit as indicated in 
the first row of values for the flag-latched words FLAT-0: 
3>-FLAT 10:3>, which is labeled ideal FLAG data. As 
shown, the memory controller starts this 15-bit pseudo-ran 
dom bit sequence by applying 1111, then 01.01, 1001, and so 
on as illustrated. Thus, the first row of FIG. 5 represents the 
ideal expected values for 15 sequentially latched flag-latched 
words FLAT-0:3>-FLAT.<0:3>. In other words, the 
memory controller initiates the 15-bit pseudo-random bit 
sequence by applying 1111 as the first four bits of the FLAG 
bit, so the ideal value for the flag-latched word FLAT-0:3> 
is 1111. The next four FLAG bits applied by the memory 
controller are 0101, so the ideal value for the flag-latched 
word FLAT-0:3> is 01 01, and so on for each of the flag 
latched words FLAT.<0:3>-FLAT.<0:3>, as illustrated in 
the top row of FIG. 5. 

The second row of FIG. 5 illustrates the shifted version of 
the repeating 15-bit pseudo-random bit sequence applied on 
the FLAG line, which was previously discussed with refer 
ence to FIG. 3. With the shifted FLAG data pattern, the values 
for the flag-latched words FLAT-0:3>-FLAT.<0:3> are as 
shown, and correspond to the ideal FLAG data pattern shifted 
to the left by two bits. In other words, the first two 1s of the 
ideal FLAG data pattern are not captured by the shift register 
408 (FIG. 4), but instead the shift register 408 begins success 
fully capturing the applied FLAG bit sequence starting with 
the third 1, as indicated by the dotted line 500 in FIG. 5. As 
previously described, when the flag-latched words FLAT-0: 
3>-FLAT.<0:3> have the values indicated in the shifted 
FLAG data pattern, a conventional pattern recognition circuit 
determines the FLAG bit is being improperly latched since 
none of the FLAT-0:3>-FLAT.<0:3> words in the shifted 
FLAG data pattern equals the corresponding word in the ideal 
FLAG data pattern as seen in FIG. 5. 
The pattern generator 402 according to one aspect of the 

present invention eliminates the problem of capturing a 
shifted version of the ideal FLAG sequence by utilizing the 
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12 
first-captured FLAT-0:3> word as the initial value in the 
generated expected sequence of FLAT-0:3> words, and then 
generating the expected values for future FLAT-0:3> words 
relative to this initial value. In other words, the pattern gen 
erator 402 merely generates the ideal sequence of values, but 
starts generating this sequence with the value immediately 
after the value of the first captured flag-latched word 
FLAT-30:3>. 

For example, assume the value of FLAT-0:3> equals 
1101, which corresponds to the word FLATs.<0:3> in the 
ideal sequence. In this situation, the pattern generator 402 
generates the value 0110 for the SYNCSEQ-0:3> word, 
which corresponds to the value of FLAT-0:3> in the ideal 
sequence. As seen in the shifted data sequence, FLAT.<0:3> 
equals 0110so the pattern generator has generated the correct 
data. In this way, although the captured bit sequence is shifted 
relative to the ideal sequence, the pattern generator 402 gen 
erates the correct expect data to determine whether this 
shifted bit sequence is being properly captured by the shift 
register 408 (FIG. 4) in response to the current phase of the 
ICLK signal. 

Several examples of the operation of the pattern generator 
402 are shown in the third row of FIG. 5, and these examples 
will now be described in more detail to further explain the 
operation of the pattern generator 402. In the first example, 
the first four FLAG bits captured by the shift register 408 are 
0110, and are labeled SEED 1.<0:3>. In this situation, the 
SEED1<0:3> word is applied to the pattern generator 402 and 
initializes or seeds the pattern generator by giving the pat 
tern generator 402 a reference value from which to start 
generating future expected values for Subsequent flag-latched 
words FLAT-(0:3>. When the SEED1<0:3> word 0110 Seeds 
the pattern generator 402, the pattern generator generates the 
sequence of words 0100, 01 11, 1010, and so on as the 
expected values for subsequent flag-latched words FLAT-0: 
3>. As seen from the shifted FLAG data pattern, these subse 
quent values correspond to the actual values captured for 
subsequent flag-latched words FLAT-0:3>. In other words, 
when the SEED1<0:3> word seeds the pattern generator 402. 
the pattern generator 402 generates values for Subsequently 
latched flag-latched words FLAT-0:3> that equal the correct 
values for such subsequent flag-latched words in the shifted 
FLAG data sequence. In the second example, the pattern 
generator 402 is seeded with a SEED2<0:3> word 1110. 
When the pattern generator 402 is seeded with the value 1110, 
it generates the values 1011, 0010, and so on for subsequent 
values of the flag-latched words FLAT-0:3>, as illustrated. 
Once again, these Subsequent generated values equal the cor 
rect values for the shifted FLAG data sequence. Thus, even 
though the actual FLAG data pattern being latched is shifted 
relative to the ideal FLAG data pattern, the pattern generator 
402 generates correct values for Subsequent flag-latched 
words FLAT-0:3> in response to the SEED2<0:3> word 
1110. 

Referring back to FIG. 4, the overall operation of the syn 
chronization circuit 400 will now be described in more detail. 
To synchronize the command clock signal CCLK applied to 
the SLDRAM 16 containing the synchronization circuit 400, 
a processor or memory controller (not shown in FIG. 4) 
applies the CCLK signal to the SLDRAM, and also applies 
the 15-bit pseudo-random bit sequence on each line of the 
command-address bus CA and on the FLAG line 52. At this 
point, the control circuit 406 applies an initial phase com 
mand word CMDPH-0:3> to the clock generator 404, which, 
in turn, generates the internal clock signal ICLK having a 
phase relative to the CCLK signal determined by this initial 
phase command word. At this point, the shift register 408 
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latches packet words CA-0:9-> applied on the command 
address bus CA and FLAG bits applied on the line 52 in 
response to the ICLK signal. In response to the two high 
FLAG bits, the shift register 408 activates the calibration 
signal CAL, placing the synchronization circuit 400 in the 
synchronization mode of operation. In response to the active 
CAL signal, the control circuit 406 generates phase command 
words CMDPH-0:3>, control signals 414, and applies the 
SEED and SCLK, SCLK signals to the pattern generator 402 
to perform synchronization of the ICLK signal, as will now be 
explained in more detail. 

After receiving the active CAL signal, the control circuit 
406 activates the SEED signal placing the pattern generator 
402 in the seed mode in anticipation of seeding the pattern 
generator. Recall, after the four packet words CA-0:9> com 
prising a command packet CA-0:39 and the coincident four 
FLAG bits have been latched by the shift register 408, the 
shift register outputs the latched command packet as the 
command word C<0:39 and the four latched FLAG bits as 
the flag-latched word FLAT-0:3>. The shift register 408 then 
pulses the CTRIGGER signal active, causing the storage 
register 410 to load and output the command word C<0:39) 
and flag-latched word FLAT-0:3>. This first captured flag 
latched word FLAT-0:3> output from the storage register 
410 is applied as the SEED-0:3> word to the pattern genera 
tor 402. At this point, the control circuit 406 clocks the pattern 
generator 402 with the SCLK, SCLK signals, causing the 
pattern generator 402 to latch the SEED-0:3> word. The 
control circuit 406 thereafter clocks the pattern generator 402 
in response to each CTRIGGER pulse, causing the pattern 
generator 402 to generate a new synchronization sequence 
word SYNCSEQ<0:3> word after each subsequent command 
packet CA-0:39 and coincident four FLAG bits have been 
latched by the shift register 408. The control circuit 406 also 
activates the command initialization signal CINIT in 
response to the active CAL signal. In response to the CINIT 
signal, the evaluation circuit 412 is enabled in anticipation of 
comparing the C<0:39) and FLAT-0:3> words to their 
expected values determined by the SYNCSEQ-0:3> word, as 
will be described in more detail below. 

While the pattern generator 402 is being seeded, the shift 
register 408 continues latching packet words CA-0:9-> 
applied on the command-address bus CA and FLAG bits 
applied on the FLAG line 52 in response to the ICLK signal. 
After the next command packet CA-0:39 and accompany 
ing four FLAG bits have been latched by the shift register 408, 
the shift register once again generates the CTRIGGER pulse 
loading the latched command word C<0:39 and flag-latched 
word FLAT-0:3> into the storage register 410 which, in turn, 
outputs these words to the evaluation circuit 412. Before the 
control circuit 406 receives the second CTRIGGER pulse, it 
deactivates the SEED signal so that the next value of the 
flag-latched word FLAT-0:3> is not loaded into the pattern 
generator 402 as the SEED-0:3> word. At this point, the 
second command word C<0:39 and second flag-latched 
word FLAT-0:3> are output by the storage register 410 and 
applied to the evaluation circuit 412. In response to the second 
CTRIGGER pulse, the control circuit 406 clocks the pattern 
generator 402 with the SCLK, SCLK signals, causing the 
pattern generator 402 to generate the SYNCSEQ-0:3> word 
having a value corresponding to the expected values of the 
Second latched C<0:39) and FLAT-0:3> words. Before the 
evaluation circuit 412 compares the second latched C<0:39) 
and FLAT-0:3> words to their expected values determined 
by the SYNCSEQ-0:3> word, the control circuit resets the 
evaluation circuit 412 which, in turn, drives the command 
initialization results signal CINITRES active high if that sig 
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nal was low. The evaluation circuit 412 is reset before the 
comparison of each new command word C<0:39 and flag 
latched word FLAT-0:3>. 
The control circuit 406 then enables the evaluation circuit 

412 which, when enabled, compares the second latched com 
mand word C<0:39) and flag-latched word FLAT-0:3> to 
their expected values determined by the SYNCSEQ-0:3> 
word. When the bits of the command word C<0:39 and 
flag-latched word FLAT-0:3> have their expected values, the 
evaluation circuit 412 maintains the CINITRES signal high, 
indicating the command packet CA-0:39 and latched 
FLAG bits were successfully captured. In contrast, when at 
least one of the bits in the command word C<0:39 or flag 
latched word FLAT-0:3> does not have its expected value, 
the evaluation circuit 412 drives the CINITRES signal inac 
tive low, indicating the command packet CA-0:39 and 
latched FLAG bits were not successfully captured. 
The control circuit 406 Stores the value of the CINITRES 

signal output by the evaluation circuit 412, and thereafter 
increments the value of the phase command word 
CMDPH<0:3> applied to the clock generator 404. In 
response to the incremented phase command word 
CMDPH-0:3>, the clock generator generates the ICLK sig 
nal having a new phase relative to the CCLK signal corre 
sponding to the new value of the phase command word. In 
response to the new ICLK signal, which has its phase deter 
mined by the new phase command word CMDPH-0:3>, the 
shift register 408 latches the next four packet words CA-0:9-> 
and four coincident FLAG bits and generates the CTRIGGER 
pulse after these words have been latched. Once again, the 
control circuit 406 toggles the SCLK, SCLK signals to clock 
the pattern generator 402 which, in turn, generates the new 
SYNCSEQ-0:3> word corresponding to the expected new 
values of the command word C<0:39 and flag-latched word 
FLAT-0:3>. At this point, control circuit 406 again resets and 
thereafter enables the evaluation circuit 412 which, when 
enabled, compares the new C-0:39) and FLAT-0:3> words 
to their expected values determined by the new SYNC 
SEQ-0:3> word and generates the resulting CINITRES sig 
nal on its output, which is again stored by the control circuit 
406. 
The control circuit 406 continues incrementing the phase 

command word CMDPH-0:3> and generating the appropri 
ate control signals to store a number of values for the CINI 
TRES signal, each value corresponding to particular value of 
the phase command word CMDPH-0:3> (i.e., phase of the 
ICLK signal). After a predetermined number of values for the 
CINITRES signal have been stored, the control circuit 406 
executes a phase selection procedure to select a final phase 
command word CMDPH-0:3> from among the phase com 
mand words that resulted in the successful capture of the 
command packet CA-0:39 and FLAG bits. In one embodi 
ment, the control circuit 406 stores sixteen values for the 
CINITRES signal, each corresponding to one of sixteen value 
for the phase command word CMDPH-0:3>, and selects the 
final phase command from among the ones of these sixteen 
values that resulted in the Successful capture of the command 
packet CA-0:39 and FLAG bits. One procedure that may be 
executed by the control circuit 406 in determining the final 
phase command word is described in the Baker et al. patent 
application that was previously referenced, and which has 
been incorporated herein by such reference. Upon determin 
ing the final phase command word CMDPH-0:3>, the con 
trol circuit 406 stores this value and continually applies it to 
the variable-phase clock generation circuit 404 during normal 
operation of the SLDRAM 16 (FIG. 1) containing the syn 
chronization circuit 400 and pattern generator 402. 
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One skilled in the art will realize that the procedure 
executed by the control circuit 406 in synchronizing the com 
mand clock signal CCLK may vary. For example, in the 
above-described procedure the control circuit 406 captures 
only one command packet CA-0:39 and flag-latched word 
FLAT-0:3> at each phase of the ICLK signal. In another 
embodiment, the control circuit 406 performs a predeter 
mined number of comparisons at a given phase of the ICLK 
signal before storing a value for the CINITRES signal. In this 
embodiment, the control circuit 406 may, for example, con 
trol components of the synchronization circuit 400 so that 
eight command words C<0:39 and flag-latched words 
FLAT-0:3> are captured and compared at each phase of the 
ICLK signal. When all eight of these comparisons indicate 
successful captures, the control circuit 406 stores a “1” for the 
CINITRES signal at this phase. However, if any of the com 
parisons at a given phase indicates an unsuccessful capture, 
the control circuit 406 stores a “0” for the CINITRES signal 
at this phase. Once again, after sixteen, for example, CINI 
TRES signals have been stored, the control circuit 406 deter 
mines the final phase command word. 

During synchronization of the data clock signals DCLK0 
and DCLK1, the synchronization circuit 400 typically applies 
four latched bits on the data line D0, which are designated a 
data-latched word DOL.<0:3>, as the SEED<0:3> word to the 
pattern generator 402 instead of the flag-latched word 
FLAT-0:3> as during synchronization of the CCLK signal. 
In this way, the data applied on the data line D0 of the data bus 
DQ is utilized to seed the pattern generator 402 during syn 
chronization of the data clock signals DCLK0 and DCLK1. In 
addition, the control circuit 406 deactivates the CINIT signal 
when either of the data clocks DCLK0 and CDLK1 is being 
synchronized to thereby disable the evaluation circuit 412. 

FIG. 6 is a more detailed functional block diagram of one 
embodiment of the pattern generator 402 of FIG. 4. The 
pattern generator 402 includes four data generation circuits 
600-606 receiving respective bits of the SEED-0:3> word 
output by the storage register 410 (FIG. 4). The data genera 
tion circuits 600-606 further receive the SEED signal directly 
and through an inverter 608, and the clock signals SCLK, 
SCLK from the control circuit 406 (FIG. 4). A logic circuit 
610 applies complementary pairs of flip data signals 
FLIP<0>, FLIP-O>-FLIP<3>, FLIP<3> to the data genera 
tion circuits 600-606, respectively, in response to an expect 
data word B<0:3> output collectively by the data generation 
circuits 600-606, as will now be explained in more detail 
below. The expect data word B<0:3> includes both true and 
complement versions of each bit output by respective circuits 
600-606, and is applied through an inverter 612 to generate 
the synchronization sequence word SYNCSEQ-0:3>. 
Although only a single inverter 612 is shown in FIG. 6, one 
skilled in the art will realize there are actually four such 
inverters, one for each bit of the expect data word B<0:3>. 

In operation, the data generation circuits 600-606 opera 
tion in one of two modes, a seed mode and a generation mode. 
In the following description, only the SCLK signal will be 
discussed, one skilled in the art understanding that the SCLK 
signal merely has the complementary value of the SCLK 
signal. Initially, the control circuit 406 activates the SEED 
signal, placing the data generation circuits 600-606 in the 
seed mode of operation. In the seed mode, the data generation 
circuits 600-606 latch the value of the applied SEED-0:3> 
word and shift this word to their outputs as the expect data 
word B<0:3> responsive to the clock signals SCLK, SCLK. 
During the seed mode of operation, the values of the FLIP 
signals generated by the logic circuit 610 are ignored by the 
data generation circuits 600-606. 
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The control circuit 406 thereafter deactivates the SEED 

signal, placing the data generation circuits 600-606 in the 
generation mode of operation. During the generation mode of 
operation, the current value of the expect data word B<0:3> is 
applied to the logic circuit 610, which, in turn, develops the 
FLIP signals having values that are determined by the value of 
the expect data word B<0:3>. The FLIP signals are clocked 
into the data generation circuits 600-606 in response to the 
applied SCLK signal, and the data generation circuits 600 
606 thereafter generate a new expect data word B<0:3> hav 
ing a value determined by the values of the FLIP signals. This 
new expect data word B<0:3> is then output through the 
inverter 612 as the synchronization sequence word SYNC 
SEQ-0:3> and applied to the evaluation circuit 412, as pre 
viously described with reference to FIG. 4. In addition, the 
new expect data word B-0:3> is also fed back to the logic 
circuit 610, which, in turn, once again develops new values 
for the FLIP signals in response to this new expect data word. 
The new values for the FLIP signals are once again clocked 
into the data generation circuits 600-606 in response to the 
SCLK signal, and the data generation circuits generate a new 
expect data word B<0:3> having a value determined by the 
values of these new FLIP signals. The new value for the 
expect data word B<0:3> is once again applied through the 
inverter 612 to generate the new synchronization sequence 
word SYNCSEQ-0:3>. This process continues as long as the 
clock signal SCLK clocks the data generation circuits 600 
606, or until the SEED signal again goes active, loading a new 
SEED<0:3> word into the data generation circuits 600-606. 
In this situation, the pattern generator 402 begins generating 
a new sequence of expect data words B<0:3> in response to 
this new SEEDKO:3) word. 
The overall operation of the pattern generator 402 and 

general operation of several components within that circuit 
have now been described with reference to FIG. 6. At this 
point, several of these components will now be described in 
more detail with reference to FIGS. 7-9. FIG. 7 is a schematic 
illustrating one embodiment of the data generation circuit 600 
of FIG. 6. The data generation circuits 600-606 of FIG. 6 are 
typically identical, and thus, for the sake of brevity, only the 
data generation circuit 600 will be described in more detail. 
The data generation circuit 600 includes a register 700 that is 
clocked by the SCLK, SCLK signals. In response to these 
clock signals, the register 700 shifts a signal applied on its 
input to its output to develop the B<0> signal, and this signal 
is applied through an inverter 702 to develop the B-O-> signal. 
A transmission or pass gate 704 applies the SEED-O> bit to 
the input of the register 700 in response to the SEED, SEED 
signals. When the SEED and SEED signals are high and low, 
respectively, the pass gate 704 turns ON applying the 
SEED-0> signal to the input of the register 700. The pass gate 
704 turns OFF, isolating the SEED-O> signal from the reg 
ister 700 when the SEED and SEED signals are low and high, 
respectively. 
A feedback coupling circuit 706 includes an output node 

708 that is also coupled to the input of the register 700. A pair 
of series connected PMOS transistors 710 and 712 couple the 
expect data signal B-O-> to the output node 708 in response to 
the FLIP<0> and SEED signals applied on their respective 
gates. When the FLIP<0> and SEED signals are both low, the 
transistors 710 and 712 turn ON coupling the expect data 
signal B<0> to the output node 708. If either of the FLIP<0> 
or SEED signals is high, the corresponding one of the tran 
sistors 710 and 712 turns OFF isolating the B-0> signal from 
the output node 708. A PMOS transistor 714 receives the 
FLIP<0> signal on its gate and operates in conjunction with 
the transistor 712 to couple the expect data signal B<0> to the 
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output node 708. When the FLIP<0> and SEED signals are 
both low, the transistors 712 and 714 turn ON coupling the 
expect data signal B<0> to the output node 708. If either of the 
SEED or FLIP<0> signals are high, the corresponding one of 
the transistors 712 and 714 turns OFF, isolating the expect 
data signal B-O-> from the output node 708. The feedback 
coupling circuit 706 further includes three NMOS transistors 
716-720 coupled in the same way as the PMOS transistors 
710-714, respectively, as shown. When the SEED and 
FLIP<0> signals are high, the transistors 716 and 718 turn 
ON, coupling the expect data signal B-O-> to the output node 
708. When the SEED and FLIP-0> signals are high, the 
transistors 718 and 720 turn ON, coupling the expect data 
signal B<0> to the output node 708. 

In operation, the data generation circuit 600 operates in one 
of two modes, a seed mode and a data generation mode, as 
previously discussed with reference to FIG. 6. During the 
seed mode, the SEED and SEED signals are high and low, 
respectively, turning ON the pass gate 704 and thereby cou 
pling the SEED-O> signal to the input of the register 700. In 
addition, the high SEED signal and low SEED signal turn 
OFF the transistors 712 and 718, respectively, isolating the 
output node 708 from the remaining circuitry of the feedback 
coupling circuit 706. At this point, the register 700 is clocked 
by the SCLK, SCLK signals and shifts the SEED-O> signal 
applied on its input to its output as the expect data signal 
B<0>. In this way, during the seed mode of operation, the 
SEED-O> bit is shifted to the output of the register 700 as the 
first expect data bit B40d. The SEED and SEED signals 
thereafter go low and high, respectively, initiating operation 
of the data generation circuit 600 in the data generation mode. 

During the data generation mode of operation, the feed 
back coupling circuit 706 couples either the expect data signal 
B<0> or its complement B<0> to the input of the register 700 
in response to the values of the FLIP<0> and FLIP<0> sig 
nals, and the register 700 is clocked by the SCLK, SCLK 
signals to shift the signal on its input to its output as the new 
expect data signal B<0>, as will now be explained in more 
detail. In the data generation mode, the SEED and SEED 
signals are low and high, respectively, turning ON the tran 
sistors 712 and 718. When the transistors 712 and 718 are 
turned ON, the values of the FLIP<0> and FLIP<0> signals 
determine whether the expect data signal B<0> or B<0> is 
coupled to the output node 708 and thereby to the input of the 
register 700. When the FLIP<0> and FLIP<0> signals are 
high and low, respectively, the transistors 714 and 720 turn 
OFF and transistors 710 and 716 turn ON. When transistors 
714 and 720 turn OFF, the expect data signal B-0> is isolated 
from the output node 708. In response to the turned ON 
transistors 710 and 716, the expect data signal B-O-> is 
applied through both the series connected transistors 710,712 
and 716,718 to the output node 708 and is thus applied as the 
new input to the register 700. As previously explained, the 
new expect data signal B<0> is thereafter shifted to the output 
of the register 700 as the new expect data signal B<0> in 
response to the SCLK, SCLK signals. Thus, when the 
FLIP<0> and FLIP<0> signals are high and low, respectively, 
the expect data signal B-O-> is shifted to the output of the 
register 700 as the new expect data signal B<0>. In other 
words, when the FLIP<0> and FLIP<0> signals are high and 
low, respectively, the new value for the expect data signal 
B<0> is the complement of its previous value. It should be 
noted that in this situation the expect data signal B-O-> is 
coupled to the output node 708 through two pairs of series 
connected transistors, the PMOS series connected pair 710 
and 712 and the NMOS connected pair 716 and 718. This is 
done so that regardless of the value of the expect data signal 
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B<0>, the full voltage corresponding to this value is coupled 
to the output node 708, which would not occur for one of the 
logic levels of the signal B<0> if both NMOS and PMOS 
transistors were not used, as will be understood by one skilled 
in the art. 
When the FLIP<0> and FLIP<0> signals are low and high, 

respectively, the transistors 710 and 716 turn OFF, isolating 
the expect data signal B-O-> from the output node 708, and the 
transistors 714 and 720 turn ON coupling the expect data 
signal B<0> through both the series connected transistors 
712,714 and 718,720 to the output node 708 and thereby to 
the input of the register 700. Thus, when the FLIP<0> and 
FLIP<0> signals are low and high, respectively, the current 
expect data signal B<0> is applied to the input of the register 
700 and thereafter shifted to the output of the register 700 as 
the new expect data signal B<0> in response to the SCLK, 
SCLK signals. In other words, when the FLIP<0> and 
FLIP<0> signals are low and high, respectively, the new value 
for the expect data signal B<0> is the same as its prior value. 
In this way, the data generation circuit 600 generates either a 
0 or 1 for the expect data signal B<0> as it is clocked by the 
SCLK, SCLK signals, with the value of the new expect data 
signal B<0> being determined by the values of the FLIP<0> 
and FLIP<0> signals. 

FIG. 8 is a detailed schematic of one embodiment of the 
register 700 of FIG. 7. In the register 700, first and second 
pass gates 800 and 802 are activated in a complementary 
manner in response to the clock signals SCLK, SCLK. When 
the SCLK and SCLK signals are high and low, respectively, 
the pass gate 800 turns ON and pass gate 802 turns OFF, and 
the converse is true when the values of the clock signals 
SCLK, SCLK are complemented. When the pass gate 800 is 
activated, it couples the SEED-O> signal to an input of a latch 
804 including cross-coupled inverters 806 and 808. The latch 
804 latches its input to the value of the applied SEED-0> 
signal, and its output to the complement of this value. When 
the pass gate 802 is activated, it applies the output of the latch 
804 to an input of a latch 810 including cross-coupled invert 
ers 812and814. The latch 810 latches its input to the value of 
a signal applied on that input, and latches the expect data 
signal B<0> on its output to the complement of the value on 
its input. A PMOS reset transistor 816 is coupled between the 
Supply Voltage source V, and the input of the latch 810 and 
operates, when activated, to drive the input of the latch 810 
high, which, in turn, latches the expect data signal B<0> low. 
In the embodiment of FIG. 8, however, the reset transistor816 
receives the Supply Voltage source V, on its gate, turning 
OFF the transistor 816 so that it does not effect operation of 
the register 700. In operation, the register 700 shifts the 
SEED-0> signal through the pass gate 800 to the latch 804 
when the SCLK and SCLK signals are high and low, respec 
tively. When the SCLK and SCLK signals go low and high, 
respectively, the register 700 shifts the value stored in the 
latch 804 through the turned ON pass gate 802 to the latch 810 
and in this way shifts the SEED-O> signal to the output of the 
latch 810 as the expect data signal B<0>. 

FIG.9 is a more detailed logic diagram of one embodiment 
of the logic circuit 610 of FIG. 6. As previously described 
with reference to FIG. 6, the logic circuit 610 receives the 
current value of the expect data word B<0:3> and generates 
the FLIP signals in response to this expect data word. Recall, 
the FLIP signals are utilized by the data generation circuits 
600-606 during their data generation mode of operation to 
generate new values for the expect data word B<0:3> in 
response to the previous value for the expect data word. In the 
embodiment of FIG.9, the bits B-0> and B<0> generate the 
FLIP<3> and FLIP<3> signals, respectively. A pair of pass 
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gates 900 and 902 operate in a complementary manner in 
response to the B-O-> and B-O-> signals to apply either the 
B<3> or B<3> signal directly and through an inverter 904 to 
develop the FLIP<2> and FLIP<2>. A first group of NAND 
gates 906–920 receive specific combinations of the true and 5 
complement bits of the expect data word B<0:3>, and gener 
ate respective outputs in response to these signals. The out 
puts of the NAND gates 906–912 are combined by a NAND 
gate 922 having its output coupled directly and through an 
inverter 924 to develop the FLIP<1> and FLIP<1> signals. 
The group of NAND gates 914-920 have their outputs com 
bined by a NAND gate 926. A group of NAND gates 928-932 
then combine the outputs of the NAND gates 922 and 926 
along with the expect data signals B<1> and B-1>, and the 
output of the NAND gate 932 is applied directly and through 
an inverter 934 to develop the FLIP<0> and FLIP<0> signals. 
The logic circuit 610 develops the FLIP signals having 

values that cause the pattern generator 402 of FIG. 6 is gen 
erate a sequence of expect data words B<0:3> having values 20 
determined by the repeating 15-bit pseudo-random bit 
sequence of Table 1. Referring back to Table 1, if the flag 
latched word FLAT-0:3> applied as the SEED-0:3> word to 
the pattern generator 402 equals 0101, the logic circuit 610 
generates values for the FLIP signals causing the pattern 25 
generator 402 to generate 1001 for the next value of the expect 
data word B<0:3> then 0001 for the word B<0:3>, and so on 
as previously described. One skilled in the art will realize a 
myriad of alternative embodiments may be utilized for the 
logic circuit 610 in order to develop FLIP signals having 30 
values that cause the pattern generator 402 to generate expect 
data words B<0:3> for this and other repeating bit sequences. 

FIG. 10 illustrates one embodiment of the evaluation cir 
cuit 412 of FIG.4, which, as previously described, compares 
the command word C<0:39 and flag-latched word FLAT-0: 35 
3> to expected values determined by the SYNCSEQ-0:3> 
word, and generates the CINITRES signal having a value 
indicating the result of this comparison. The evaluation cir 
cuit 412 includes a PMOS reset transistor 1000 coupled 
between a supply Voltage source V, and a sensing node 1002 40 
and receiving an enable calibration signal ENCAL from the 
control circuit 406 applied on its gate. A latch 1004 including 
two cross-coupled inverters 1006, 1008 has its input coupled 
to the sensing node 1002 and its output coupled to an input of 
an inverter 1010 which develops the CINITRES signal on its 45 
output in response to the output of the latch 1004. 
The evaluation circuit 412 further includes a compare cir 

cuit 1012 coupled between the sensing node 1002 and an 
enable node 1014. The compare circuit 1012 receives the 
latched command word C<0:39 and flag-latched word 50 
FLAT-0:3> corresponding to the captured command packet 
received on the command-address bus CA and latched FLAG 
bits received on the flag line 52, as previously described. In 
addition, the compare circuit 1012 further receives a plurality 
of signals derived from the synchronization sequence word 55 
SYNCSEQ<0:3> generated by the pattern generator 402. 
More specifically, each bit of the synchronization sequence 
word SYNCSEQ-0:3> is coupled through a respective 
inverter 1016 to generate a complementary synchronization 
sequence word SYNCSEQ-0:3> which, in turn, is further 60 
coupled through a respective inverter 1018 to generate a buff 
ered synchronization sequence word SYNCSEQBUF-0:3>. 
The SYNCHSEQ-0:3> and SYNCHSEQBUF<0:3> words 
are utilized by the compare circuit 1012 in determining 
whether each of the bits in the command word C<0:39 and 65 
latched FLAG word FLAT-0:3> has its expected value, as 
will be explained in more detail below. 
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The evaluation circuit 412 further includes an enable tran 

sistor 1020 coupled between the enable node 1014 and 
ground. An inverter 1028 has its output applied through a 
transmission gate 1022 to the gate of the enable transistor 
1020. The control circuit 406 applies a command initializa 
tion signal CINIT directly and through an inverter 1024 to the 
control terminals of the transmission gate 1022. The output of 
the inverter 1024 is further applied to a gate of a transistor 
1026 coupled between the gate of the enable transistor 1020 
and ground. When the CINIT signal goes active high, the 
inverter 1024 drives its output low turning OFF the transistor 
1026 and turning ON the transmission gate 1022 and thereby 
coupling the output of the inverter 1028 to the gate of the 
enable transistor 1020. Thus, when the CINIT signal is active 
high, the level at the output of the inverter 1028 determines 
whether the enable transistor 1020 turns ON or OFF. The 
control circuit 406 applies an initialization strobesignal INIT 
STRB through an inverter 1032 to an input of a pulse genera 
tor 1030 which, in turn, outputs a pulse signal to the input of 
the inverter 1028. When the INITSTRB signal goes active 
high, the inverter 1032 drives its output low causing the pulse 
generator 1030 to apply a low pulse signal on the input of the 
inverter 1028, which, in turn, drives its output high for the 
duration of this pulse. This high output from the inverter 1028 
is coupled through the transmission gate 1022, when acti 
vated, turning ON the enable transistor 1022. 
The output of the inverter 1028 is further coupled through 

an inverter 1034 to one input of a NAND gate 1036 receiving 
the ENCAL signal on a second input. The output of the 
NAND gate 1036 is applied directly and through an inverter 
1038 to enable terminals of a buffer 1040 coupled between 
the output of the latch 1004 and the sensing node 1002 as 
shown. When the output of the NAND gate 1036 goes low, the 
buffer 1040 is enabled and applies the inverse of the signal on 
the output of the latch 1004 on the sensing node 1002. If the 
output of the NAND gate 1036 is high, the buffer 1040 is 
disabled, placing its output in a high impedance state. 

FIG. 11 is a more detailed schematic of the compare circuit 
1012 of FIG. 10 including a plurality of bit compare circuits 
BCC1-BCCN. There is one bit compare circuit BCC1-BCCN 
for each bit compared by the compare circuit 1012. In the 
embodiment of FIG. 11, the compare circuit 1012 includes 44 
bit compare circuit BCC1-BCC44, one for each bit of the 
command word C<0:39 and flag-latched word FLAT-0:3>. 
All the bit compare circuits BCC1-BCCN are identical, and 
thus, for the sake of brevity, only the bit compare circuit 
BCC1 will be described in more detail. The bit compare 
circuit BCC1 receives the bit C<0> of the command word 
C<0:39), and applies this bit through a first inverter 1100 to 
an input of a first transmission gate 1102, and through the first 
inverter 1100 and a second inverter 1104 to the input of a 
second transmission gate 1106. The transmission gates 1102 
and 1106 receive the SYNCSEQ-O> and SYNCSE 
QBUF-0> signals on their respective control terminals as 
shown, and are activated in a complementary manner in 
response to the values of these signals. When the 
SYNCSEQ-O> signal is high and SYNCSEQBUF<0) signal 
is low, the transmission gate 1102 turns ON and transmission 
gate 1106 turns OFF, and when the signals SYNCSEQ-0> 
and SYNCSEQBUF<0) are low and high, respectively, the 
transmission gate 1106 turns ON and transmission gate 1102 
turns OFF. The outputs of the transmission gates 1102 and 
1106 are applied to a gate of a comparison transistor 1108 
coupled between the sensing node 1002 and the enable node 
1014. 

In operation, the bit compare circuit BCC1 compares the 
value of the bit C<0> to its expected value determined by the 
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values of the bits SYNCSEQ-0> and SYNC SEQBUFCO> 
and activates the compare transistor 1108 when the bit C<0> 
does not have its expected value, as will now be explained in 
more detail. The pattern generator 402 (see FIG. 4) deter 
mines an expected value for the command bit C<0> corre 
sponding to one of the bits in the SYNCSEQ-0:3> word from 
the flag-latched word FLAT-0:3>, as previously described. 
When the expected value of the command bit C<0> is high, 
the pattern generator 402 drives the SYNCSEQ-0> and 
SYNCSEQBUF-0> signals high and low, respectively, turn 
ing ON transmission gate 1102 and turning OFF transmission 
gate 1106. The command bit C<0> is then applied through the 
inverter 1100 and through the turned ON transmission gate 
1102 to the gate of the compare transistor 1108. If the com 
mand bit C<0> is high as expected, the inverter 1100 applies 
a low signal through the transmission gate 1102 to the gate of 
the compare transistor 1108, turning OFF this transistor. In 
contrast, if the command bit C<0> is a binary 0 instead of a 
binary 1 as expected, the inverter 1100 drives its output high 
and this high output is applied through the transmission gate 
1102 to the gate of the transistor 1108. In response to the high 
signal on its gate, the transistor 1108 turns ON, coupling the 
sensing node 1002 to the enable node 1014. 
When the expected value of the command bit C<0> is a 

binary 0, the pattern generator 402 drives the SYNCSEQ-0> 
and SYNCSEQBUF-0> signals low and high, respectively, 
turning ON the transmission gate 1106 and turning OFF the 
transmission gate 1102. The command bit C<0> is then 
applied through the inverters 1100 and 1104 and through the 
turned ON transmission gate 1106 to the gate of the compare 
transistor 1108. If the command bit C<0> is a binary 0 as 
expected, the inverter 1104 drives its output low, turning OFF 
the transistor 1108 and isolating the sensing node 1002 from 
the enable node 1014. In contrast, if the command bit C<0> is 
not a binary 0 as expected but is instead a binary 1, the inverter 
1104 drives its output high, turning ON the transistor 1108 
which couples the sensing node 1002 to the enable node 1014. 

Returning now to FIG. 10, the overall operation of the 
evaluation circuit 412 in comparing the value of each bit in the 
command word C<0:39 and flag-latched word FLAT-0:3> 
to its expected value will now be described in more detail. As 
previously described with reference to FIG. 4, the control 
circuit 406 applies the CINIT, ENCAL, and INITSTRB sig 
nals (i.e., indicated as control signals 414 in FIG. 4) to control 
operation of the evaluation circuit 412. When the CINIT 
signal is inactive low, the transmission gate 1022 turns OFF 
and the transistor 1026 turns ON. The turned ON transistor 
1026 couples the gate of the enable transistor to ground, 
turning OFF the enable transistor 1020 which isolates the 
enable node 1014 from ground. In this situation, the evalua 
tion circuit 412 is deactivated and does not evaluate the com 
mand word C<0:39) and flag-latched word FLAT-0:3>. 
The evaluation circuit 412 is enabled when the CINIT 

signal is active high turning ON the transmission gate 1022 
and enable transistor 1020, which couples the enable node 
1014 to approximately ground. The ENCAL signal goes inac 
tive low before evaluation of a particular command word 
C<0:39 and flag-latched word FLAT-0:3>. In response to 
the low ENCAL signal, the transistor 1000 turns ON, cou 
pling the sensing node 1002 to approximately the Supply 
Voltage V. In response to the high on the sensing node 
1002, the latch 1004 drives its output low and the inverter 
1010, in turn, drives the CINITRES signal on its output high. 
At this point, the INITSTRB signal is inactive low and the 
pulse generator 1030 drives its output high causing the 
inverter 1028 to drive its output low. The low output from the 
inverter 1028 is applied through the turned ON transmission 
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gate 1022 to the gate of the enable transistor 1020, turning 
OFF this transistor and thereby isolating the enable node 
1014 from ground. It should be noted that when the ENCAL 
signal goes inactive low, the NAND gate 1036 deactivates the 
buffer 1040 enabling the transistor 1000 to more easily drive 
the sensing node 1002 high. 
Once the ENCAL signal has gone inactive low, disabling 

and resetting the evaluation circuit 412, the ENCAL signal 
thereafter goes active high, enabling the evaluation circuit 
412 to begin comparing latched command words C<0:39) 
and flag-latched words FLAT-0:3>. At this point, the pattern 
generator 402 applies the generated synchronization 
sequence word SYNCSEQ-0:3> to the evaluation circuit 412 
and the corresponding SYNCSEQ-0:3> and SYNCSE 
QBUF-0:3> words are, in turn, applied to the compare circuit 
1012, indicating the expected value for each of the bits in the 
latched C<0:39) and FLAT-0:3> words. At this point, the 
expected data in the form of the SYNCSEQ-0:3> and SYNC 
SEQBUF-0:3> words and the latched data in the form of the 
C<0:39) and FLAT-0:3> words are applied to the compare 
circuit 1012, but the compare circuit 1012 is not yet enabled 
since the transistor 1020 is turned OFF. The INITSTRB signal 
then goes active high and the pulse generator 1030, in turn, 
generates the low pulse on its output, causing the inverter 
1028 to pulse its output high and thereby turn ON the enable 
transistor 1020 so that the compare circuit 1012 compares the 
latched command word C<0:39 and flag-latched word 
FLAT-0:3> to the expected data. 
As previously described with reference to FIG. 11, when 

each bit of the command word C<0:39 and flag-latched 
word FLAT-0:3> has its expected value, the corresponding 
compare transistor 1108 coupled between the sensing node 
1002 and enable node 1014 does not turn ON. Thus, when the 
latched command words C<0:39) and FLAT-0:3> have their 
expected values, none of the transistors 1108 in the compare 
circuit 1012 turns ON and the sensing node 1002 remains at 
approximately the Supply Voltage V. Accordingly, when 
the words C<0:39) and FLAT-0:3> have their expected val 
ues, the Voltage on the sensing node 1002 remains high Such 
that the latch 1004 maintains its output low and the inverter 
1010 continues driving the CINITRES signal active high 
indicating the latched words C<0:39) and FLAT-0:3> were 
successfully captured. If any of the bits in the words C<0:39) 
and FLAT-0:3> does not have its expected value, the corre 
sponding compare transistor 1108 turns ON, coupling the 
sensing node 1002 to approximately ground. When the sens 
ing node 1002 goes low, the latch 1004 drives its output high 
causing the inverter 1010 to drive the CINITRES signal low, 
indicating the C<0:39 and FLAT-0:3> words were not suc 
cessfully captured. 

It should be noted that the low pulse on the output of the 
pulse generator 1030 results in the inverter 1034 also pulsing 
its output low, which causes the NAND gate 1036 to drive its 
output high for the duration of this pulse. As previously 
described, when the output of the NAND gate 1036 goes high, 
the buffer 1040 is disabled to enable the sensing node 1002 to 
be more easily driven low if any of the bits were not success 
fully captured. After the end of the pulse generated by the 
pulse generator 1030, the NAND gate 1036 again drives its 
output low enabling the buffer 1040 to drive the sensing node 
1002 to its desired value. As will be understood by one skilled 
in the art, the sensing node 1002 may present a rather large 
capacitance due to all the components coupled in parallel to 
this node, and the buffer 1040 includes transistors sized such 
that the buffer 1040 may drive this relatively large capaci 
tance to its desired Voltage and in this way assists the inverter 
1006, which typically has smaller sized transistors. 
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An example of a computer system 900 using the synchro 
nous link architecture is shown in FIG. 12. The computer 
system 900 includes a processor 912 having a processor bus 
914 coupled through a memory controller 918 and system 
memory bus 923 to three packetized or synchronous link 
dynamic random access memory (“SLDRAM) devices 
916a-c. The computer system 910 also includes one or more 
input devices 920. Such as a keypad or a mouse, coupled to the 
processor 912 through a bus bridge 922 and an expansion bus 
924, such as an industry standard architecture (“ISA) bus or 
a peripheral component interconnect (“PCI) bus. The input 
devices 920 allow an operator or an electronic device to input 
data to the computer system 900. One or more output devices 
930 are coupled to the processor 912 to display or otherwise 
output data generated by the processor 912. The output 
devices 930 are coupled to the processor 912 through the 
expansion bus 924, bus bridge 922 and processor bus 914. 
Examples of output devices 930 include printers and a video 
display units. One or more data storage devices 938 are 
coupled to the processor 912 through the processor bus 914, 
bus bridge 922, and expansion bus 924 to store data in or 
retrieve data from storage media (not shown). Examples of 
storage devices 938 and storage media include fixed disk 
drives floppy disk drives, tape cassettes and compact-disk 
read-only memory drives. 

In operation, the processor 192 sends a data transfer com 
mand via the processorbus 914 to the memory controller918, 
which, in turn, communicates with the memory devices 
916a-c via the system memory bus 923 by sending the 
memory devices 916a-c command packets that contain both 
control and address information. Data is coupled between the 
memory controller 918 and the memory devices 916a-c 
through a data bus portion of the system memory bus 922. 
During a read operation, data is transferred from the 
SLDRAMs 916a-cover the memory bus 923 to the memory 
controller 918 which, in turn, transfers the data over the 
processor bus 914 to the processor 912. The processor 912 
transfers write data over the processorbus 914 to the memory 
controller918 which, in turn, transfers the write data over the 
system memory bus 923 to the SLDRAMs 916a-c. Although 
all the memory devices 916a-care coupled to the same con 
ductors of the system memory bus 923, only one memory 
device 916a-cata time reads or writes data, thus avoiding bus 
contention on the memory bus 923. Bus contention is avoided 
by each of the memory devices 916a-c on the system memory 
923 having a unique identifier, and the command packet con 
tains an identifying code that selects only one of these com 
ponents. 
The computer system 900 typically also includes a number 

of other components and signal lines that have been omitted 
from FIG. 12 in the interests of brevity. For example, the 
memory devices 916a-c also receive a command clock signal 
CCLK to provide internal timing signals, data clock signals 
DCLK0 and DCLK1 for clocking data into and out of the 
memory devices 916, and a FLAG signal signifying the start 
of a command packet and utilized to place the memory 
devices 916 in synchronization mode, as previously 
explained. 

It is to be understood that even though various embodi 
ments and advantages of the present invention have been set 
forth in the foregoing description, the above disclosure is 
illustrative only, and changes may be made in detail, and yet 
remain within the broad principles of the invention. For 
example, many of the components described above may be 
implemented using either digital or analog circuitry, or a 
combination of both, and also, where appropriate, may be 
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24 
realized through software executing on Suitable processing 
circuitry. Therefore, the present invention is to be limited only 
by the appended claims. 

The invention claimed is: 
1. A method for synchronizing clock signals, comprising: 
receiving data transmitted in accordance with a first clock 

signal, wherein the data comprises a known bit 
Sequence; 

latching at least a first portion of the data in accordance 
with a second clock signal; 

initializing a pattern generator with the latched first portion 
of the data, the pattern generator configured to consecu 
tively output selected bits of the known bit sequence 
starting at a position of the known bit sequence deter 
mined by the latched first portion of the data; 

latching at least a second portion of the data in accordance 
with the second clock signal; 

comparing the latched second portion of the data with the 
Selected bits output from the pattern generator; and 

adjusting a phase of the second clock signal based at least 
in part on the comparison. 

2. The method of claim 1 wherein the act of adjusting the 
phase of the second clock signal comprises adjusting the 
phase of the second clock signal to have the latched second 
portion of the data match with the selected bits output from 
the pattern generator in response to comparing the same. 

3. The method of claim 1 wherein the act of adjusting the 
phase of the second clock signal comprises adjusting the 
phase of the second clock signal relative to the first clock 
signal. 

4. The method of claim 1 wherein the act of initializing the 
pattern generator comprises initializing the pattern generator 
to output selected bits of the known bit sequence starting at a 
next bit in the known bit sequence following a last bit of the 
first portion of the data. 

5. The method of claim 1 wherein the act of receiving data 
comprises receiving data at command nodes configured to 
receive command signals. 

6. The method of claim 1 wherein the act of receiving data 
comprises receiving data at data nodes configured to receive 
data signals. 

7. The method of claim 1 wherein the act of receiving data 
comprises receiving a repeating known bit sequence. 

8. The method of claim 1 wherein the act of comparing the 
latched second portion of the data with the selected bits output 
from the pattern generator comprises comparing four latched 
bits of the data with four bits output from the pattern genera 
tOr. 

9. A method for synchronizing clock signals, comprising: 
latching portions of a received bit sequence according to a 

first clock signal, the first clock signal having a phase 
relationship relative to a reference clock signal; 

generating a generated bit sequence at a bit sequence gen 
erator configured to begin the generated bit sequence 
based on a first latched portion of the received bit 
sequence and according to a second clock signal based at 
least in part on the first clock signal, the generated bit 
sequence having the same sequence of bits as the 
received bit sequence; 

comparing latched portions of the received bit sequence 
with portions of the generated sequence to determine 
whether the portions match; and 

adjusting the phase relationship of the first clock signal 
based at least in part on the comparison. 

10. The method of claim 9 wherein the reference clock 
signal comprises a command clock signal. 
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11. The method of claim 9 wherein the reference clock 
signal comprises a data clock signal. 

12. The method of claim 9 wherein the received bit 
sequence comprises a 15-bit bit sequence. 

13. The method of claim 12 wherein the 15-bit bit sequence 
comprises a 15-bit pseudo random bit sequence. 

14. The method of claim 9 wherein the second clock signal 
comprises a trigger signal. 

15. The method of claim 14 wherein the trigger signal 
comprise a trigger signal having a frequency one-fourth of the 
first clock signal. 

16. A clock synchronizing circuit, comprising: 
a clock generator configured to receive a first clock signal 

and generate a second clock signal in response, the sec 
ond clock signal having a phase relationship relative to 
the first clock signal based at least in part on a control 
signal; 

a latch coupled to the clock generator and configured to 
latch received data in accordance with the second clock 
signal; 

a pattern generator coupled to the latch circuit to receive at 
least a first portion of a known bit sequence latched by 
the latch circuit and configured to consecutively output 
Selected bits of the known bit sequence starting at a 
position of the known bit sequence determined at least in 
part by the first portion of the bit sequence; and 

an evaluation circuit coupled to the latch and the pattern 
generator and configured to compare latched data with 
the selected bits output from the pattern generator and 
generate the control signal for the clock generator based 
at least in part on the comparison. 

17. The clock synchronizing circuit of claim 16 wherein 
the evaluation circuit is configured to generate a control sig 
nal for the clock generator to have the latched data match the 
selected bits output from the pattern generator. 

18. The clock synchronizing circuit of claim 16 wherein 
the first clock signal comprises a command clock signal. 
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19. The clock synchronizing circuit of claim 16 wherein 

the first clock signal comprises a data clock signal. 
20. The clock system of claim 16 wherein the pattern 

generator comprises a pattern generator configured to output 
a 15-bit bit sequence determined at least in part by the first 
portion of the bit sequence. 

21. The clock system of claim 20 wherein the 15-bit bit 
sequence comprises a 15-bit pseudo-random bit sequence. 

22. The clock system of claim 16 wherein the pattern 
generator comprises a pattern generator configured to output 
selected bits of the known bit sequence starting at a next bit in 
the sequence following a last bit of the latched data of the 
known bit sequence. 

23. A memory, comprising: 
a command buffer configured to receive command signals, 

the command buffer including a command signal latch 
configured to latch the command signals according to an 
internal clock signal; 

a clock generator configured to receive a command clock 
signal, and in response, generate the internal clock sig 
nal, the internal clock signal having a phase relationship 
relative to the command clock signal based at least in 
part on a clock generator control signal; 

a synchronizing circuit coupled to the clock generator, the 
synchronizing circuit comprising: 
a pattern generator coupled to receive at least a first 

portion of a known bit sequence latched by the latch 
circuit and configured to consecutively output 
selected bits of the known bit sequence starting at a 
position of the known bit sequence determined at least 
in part by the first portion of the bit sequence; and 

an evaluation circuit coupled to the command buffer and 
pattern generator and configured to compare data 
latched by the command signal latch with the selected 
bits output from the pattern generator and generate the 
clock generator control signal for the clock generator 
based at least in part on the comparison. 
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